Graybiel AM, Yamamori T. A novel instrumented multipeg running wheel system, Step-Wheel, for monitoring and controlling complex sequential stepping in mice. J Neurophysiol 106: 479 -487, 2011. First published April 27, 2011 doi:10.1152/jn.00139.2011.-Motor control is critical in daily life as well as in artistic and athletic performance and thus is the subject of intense interest in neuroscience. Mouse models of movement disorders have proven valuable for many aspects of investigation, but adequate methods for analyzing complex motor control in mouse models have not been fully established. Here, we report the development of a novel running-wheel system that can be used to evoke simple and complex stepping patterns in mice. The stepping patterns are controlled by spatially organized pegs, which serve as footholds that can be arranged in adjustable, ladder-like configurations. The mice run as they drink water from a spout, providing reward, while the wheel turns at a constant speed. The stepping patterns of the mice can thus be controlled not only spatially, but also temporally. A voltage sensor to detect paw touches is attached to each peg, allowing precise registration of footfalls. We show that this device can be used to analyze patterns of complex motor coordination in mice. We further demonstrate that it is possible to measure patterns of neural activity with chronically implanted tetrodes as the mice engage in vigorous running bouts. We suggest that this instrumented multipeg running wheel (which we name the Step-Wheel System) can serve as an important tool in analyzing motor control and motor learning in mice. motor control; locomotion; sequences of actions; timing and rhythm MOTOR CONTROL TYPICALLY INVOLVES not only the performance of particular movements, but also coordination of the timing of these movements. Disturbance of such timing control often
MOTOR CONTROL TYPICALLY INVOLVES not only the performance of particular movements, but also coordination of the timing of these movements. Disturbance of such timing control often appears in neurological disorders (Freeman et al. 1993 (Freeman et al. , 1996 Ivry 1996; Keele 1968; Nagasaki et al. 1978; Nakamura et al. 1978; Schubotz et al. 2000) . Animal models of such disorders, and, in particular, mouse genetic models, have increasingly been developed to study the neurobiology underlying motor control (Hansson et al. 1999; Kahle et al. 2000) . A number of systems have been developed to quantify the motor status of such mouse models, including the rotarod and balance-beam tests (e.g., Carter et al. 1999; Chapillon et al. 1998; Jones and Roberts 1968; Sango et al. 1995 Sango et al. , 1996 for analyzing balance and motor coordination, and gait analysis methods, such as the "Catwalk" system (e.g., Masocha and Pavarthy 2009 ) and other footprint analysis methods (e.g., Barlow et al. 1996; Carter et al. 1999; Crawley and Paylor 1997) , and the horizontal ladder paradigm (Seeds et al. 2003; Van Der Giessen et al. 2008) . The study of motor timing and its neural basis in these models has been challenging, however, because of paucity of motor tasks that permit recording of continuous motor activity with precise timing measurements combined with recordings of ongoing neural activity. Our goal in this work was to address this problem by developing a sensitive tool for analyzing locomotor patterns in the mouse.
To achieve this end, we designed a running wheel with a configurable running surface made of multiple pegs fitted with instrumentation to monitor the individual footfalls of the mice. By using a water reward obtainable by running at the speed of the motor-driven wheel, we were able to control the running rate and position of the mouse. By introducing flexible ladderlike floor patterns, we were able to impose patterns of gait. Finally, by designing the system to be compatible with longterm recording with electrodes chronically implanted in the brain, we were able to combine the analysis of motor activity with the analysis of concurrent neural activity. This flexible
Step-Wheel System allows detailed analysis of the locomotor coordination of mice and opens the way to analyses of motor learning.
METHODS
Animals. All procedures were approved by the Committee on Animal Care of the Massachusetts Institute of Technology, the Committee on Animal Care of Frontier Biosciences of the Osaka University, and the Institutional Animal Care and Use Committee of the National Institute for Basic Biology and performed in accordance with the National Research Council's Guide for the Care and Use of Laboratory Animals. ICR and C57BL/6 mice (10 -15 wk old) were studied. These strains were selected because we conducted the initial test of the Step-Wheel System with the strain most often used for genetically engineered mouse models of neurodegenerative diseases (C57BL/6) and the one with a large body size (ICR). We used these two mouse strains with different body sizes to test whether the size of the Step-Wheel and distances between pegs on which they locomote are suitable for both strains. The mice were housed individually in their home cages to control their daily water intake and allowed to access freely to dry pellet food. The mice were on a water restriction schedule from a day before the initial training session to the end of the experimental periods. During this period, they were allowed to drink water in the wheel during and after the training session. Additional water was given in their home cages as needed, so that they received 3 ml of water each day. They were given free access to water for an entire day every 1-2 wk during training. Ad libitum water was also given if their weight fell to Ͻ80% of its initial weight.
For the duration of water restriction, health condition of all mice was monitored closely by the experimenter and animal care staff. Daily records were kept for skin tent duration, food intake, fur condition, body temperature, and spontaneous home-cage behaviors. These measures did not show any indication of excessive dehydration or abnormal stress associated with water deprivation. Despite being on water deprivation, none of the mice exhibited behaviors related to high levels of stress.
The
Step-Wheel System configuration. The
Step-Wheel was fabricated by O'Hara (Tokyo, Japan). The wheel is formed by two parallel plastic circular discs, 30 cm in diameter, 5.5 cm apart (Fig. 1A) . Stainless steel pegs inserted into holes along the circumference of each disc serve as footholds for the mouse. An external motor drives the wheel so that the mouse has to run on the pegs at roughly the speed chosen by the experimenter. The turning speed of the wheel was chosen so that the mouse could drink water while running (see Training procedures). Figure 1 , A and B, illustrates the typical position of a mouse running in the Step-Wheel. The pegs (2-mm diameter) extend inward ϳ2.5 cm from the wheel walls (Fig. 1, B and C). Each peg is connected to a voltage generator. A spout, from which the mouse could drink water, is inserted into the wheel through the space between the left and right pegs so as not to interfere with the turning of wheel (Fig. 1B) . Water is delivered naturally by gravity when the mouse contacts the spout with its mouth. The water-deprived mice learned to run so as to drink nearly continuously by licking the spout.
Altogether 144 peg holes were available on each disc, allowing pegs to be inserted in different configurations to evoke different footfall patterns during running. We organized the footholds by constructing a series of peg patterns composed of 24 pegs, 12 on the right and 12 on the left. This configuration allowed a single peg pattern to be repeated twice in 1 turn of the Step-Wheel. Running through all 24 pegs in a pattern was considered as 1 trial. Patterns could be maintained over days or changed across daily sessions. Figure 1C illustrates examples of the peg patterns used.
Training procedures. Mice were pretrained by placing them in the stationary Step-Wheel for ϳ20 min. During this period, the mice could find the waterspout and drink water ad libitum. After an average of 2 days of this habituation, training sessions were given with the Step-Wheel turning at speeds low enough (e.g., 1 turn in 3 min) to allow the mice to drink water in more than half of the sessions, which lasted 5-20 min depending on the speed. Wheel rotation was immediately stopped either manually when the mouse was detached from the water spout during the 1st wk of training or automatically when the mouse moved away from the water spout and broke the photobeam b during the rest of training (see Behavioral monitoring). The speed was gradually increased over a period of 3-5 wk, ensuring that the mice could drink water also as the speed of the wheel rotation was increased up to 6 -10 turns/min. Nearly all mice (Ͼ90%) learned and performed the Step-Wheel task consistently over the course of training.
Behavioral monitoring. To analyze the movements of the mice more thoroughly, we monitored both the position of the mouse in the wheel and the time of each footfall on each peg touched. To monitor the location of the mouse and pegs, we used five sets of infrared photobeam units (Fig. 3, A and B) . Photobeam a detected the mouse when it was at the spout. Photobeam b detected the mouse when it was at the intersection point of the horizontal diameter of the wheel; if this photobeam was interrupted, the wheel automatically stopped for the safety of the mouse.
Photobeams c and d monitored, respectively, the passage of the right and left floor pegs (Fig. 3, A and B) . Finally, photobeam e, which was placed outside of the wheel and was interrupted by two rods protruding from the wheel, monitored wheel rotation. The rods were set 180°apart from each other on the wheel. The interruption of photobeam e by a turn marker, a small rod attached outside of the wheel, was used to time stamp the onset of a given peg pattern, because each single peg pattern appeared twice along the 360°c ircumference of the wheel. The voltage sensor was controlled and monitored through a computer board, PXI-6229 (National Instruments), by custom software developed with LabVIEW (National Instruments). The photobeam sensors were monitored with the same board and software as the voltage sensor. Time stamps for these events were stored in a computer and could be coordinated with the simultaneously recorded neural data. All paw-touch analyses were conducted with custom programs made with MATLAB (MathWorks, Natick, MA).
For gait analysis, video images affording a bottom-up view of the running mice (n ϭ 4) were captured with a charge-coupled device (CCD) camera (LCL-660A; Watec America) located under the spout at 30 frames/s and were monitored with a computer through a computer board, PXI-1409 (National Instruments). When video images were to be captured, a transparent floorboard was used (Fig. 3A) . Otherwise, a nontransparent steel floorboard was used. The captured images were analyzed with a custom program made with LabVIEW and MATLAB.
Electrophysiology. Recordings were made in ICR mice. Before the experiment, a headstage containing four or six tetrodes was implanted on the mouse. The headstage was specifically designed for rodents, as described elsewhere (Jog et al. 2002; Kubota et al. 2009 ). The Fig. 1 . The wheel and peg pattern. A: photograph of the running wheel with a mouse actively running to obtain water at the water spout protruding between the right and left pegs. The wheel was turning clockwise, driven by a motor set behind the wheel. The mouse was drinking water while running. The photograph was taken with the touch sensor detached from the wheel to allow viewing of the mouse (see Fig. 3D for an illustration of the wheel with the sensor attached). B: schematic drawing showing a running mouse drinking water from the spout. C: peg patterns used in this study.
fabrication of the headstage and methods for data collection were as described in Kubota et al. (2009) . Briefly, tetrodes were made of twisted 10-m NiCr wire and loaded in the headstage that allowed independent advancement of each tetrode.
For implantation of the tetrode headstage, mice were deeply anesthetized with either sodium pentobarbital (50 mg/kg) or ketamine hydrochloride (100 mg/kg) and xylazine (20 mg/kg). The skin overlying the skull was incised, and a small (ϳ1 mm in diameter) opening in the skull was made under stereotaxic guidance with a dental drill at coordinates corresponding to the left primary motor cortex (anteroposterior ϭ ϩ0.2 mm, mediolateral ϭ ϩ1.2 mm), and the dura mater was incised to allow penetration of the tetrodes. Dental acrylic was used to affix the headstage to the skull, into which jeweler's screws were placed for stabilization. Tetrodes were lowered gradually into the neocortex (0.5-1 mm below the brain surface) during the first postoperative week. On each day, tetrodes were advanced in small steps as neuronal activity was continuously monitored. This procedure was followed to ensure high-quality unit activity could be recorded during the course of long-term behavioral training.
A 16-or 32-channel preamplifier (Neuralynx, Bozeman, MT) was connected to the headstage during neuronal recording. The data were sent to 8-channel programmable amplifiers (gain: 10,000, filter: 0.6 -6 kHz) and were displayed and stored with a Cheetah Data Acquisition System (Neuralynx). To coordinate time stamps of neural data with data from the photobeams and voltage sensors, the transistor-transistor logic signals for start and stop of acquisition of sensor data were sent to the Cheetah Data Acquisition System. Recorded unit activity containing the spikes of multiple neurons was sorted manually, offline, to obtain putative single units according to spike parameters such as peak height and valley depth, using the SpikeSort3D (Neuralynx).
RESULTS

Behavioral performance in the
Step-Wheel. We found that within 20 min, a water-deprived mouse placed in the stationary wheel with a given peg pattern could find the water spout and begin to drink. Mice were trained to run with incremental increases in wheel speed. Final speeds of 6 -10 turns/min were reached in 3-5 wk, after which the speed of the wheel was maintained. After the final speed was reached, the mice were trained Ͼ5 days before the 1st change of peg patterns. All data reported here were obtained from mice trained for more than a week with a given peg pattern.
Video files of side and bottom views of mice running in the Step-Wheel are available in the Supplemental Video (in the data supplement online at the Journal of Neurophysiology web site).
Video analysis. To monitor the pattern of locomotion in the Step-Wheel, bottom-view video images of 4 running mice were captured, and frame-by-frame tracings of paw position were made. Figure 2 shows examples of bottom-view images ( Fig. 2A ) and the paw positions (Fig. 2 , B-D) of mice running on the peg patterns A, B, and C1 shown in Fig. 1C . When a paw was on a peg in a given video frame and was not on the peg in the next frame, the paw was considered to have been lifted between the frame times, and the position of the paw in the 2nd frame was shown as circles with thick contours (Fig. 2,  B-D) . The sequences of paw detachment from pegs in Fig. 2 , B-D, are illustrated in Fig. 2 , E-G. The timing of detachment was not always determined exactly in each cycle because of the nature of the bottom view, in which the contact face between a peg and a paw was always on the side opposite to the camera, and also because of a slow frame rate of the video (Ͼ1 paw often detached in a frame, and consequently the order of the detachments was not always determined). Nevertheless, 100 continuous cycles of the 4 limbs in peg patterns A and B were traced, and the sequences of detachments of the 4 paws were analyzed.
In peg pattern A, the sequence of paw lifts in all cycles in which the sequence of detachments could be exactly analyzed was that shown in Fig. 2E , which is the typical gait sequence for the walk pattern. In peg pattern B, the sequence of detachments in all cycles in which the sequence of detachments could be exactly analyzed was that shown in Fig. 2F , which is typical gait pattern for the gallop. The paw sequence observed in a complex pattern (Fig. 2D) was different from the typical gait patterns shown in Fig. 2 , E and F. The gait patterns for the complex patterns were mixtures of the walk, gallop, and other nontypical gait patterns. Although other nontypical gait patterns were observed in mice running in complex patterns, precise gait analysis of complex patterns should await future video analysis with a higher frame rate camera.
Sensors. To monitor individual footfalls, we applied a 20-kHz square-wave voltage with an amplitude of Ϯ100 mV to each peg (Fig. 3 , C-E) and used a voltage sensor to detect changes in amplitude of the applied voltage produced by each footfall (Fig. 3, F and G) . The amplitude was reduced when the mouse touched the peg (Fig. 3, F and G) . The frequency of the square-wave voltage was determined as 20 kHz because any potential effect of this square-wave signal on neuronal recording signals could be cut off by using the high-cut filter (6 kHz) in the Neuralynx amplifier. We found that the spike waveforms were not affected by the 20-kHz voltage signal, although a 5-kHz test-wave voltage signal at the same amplitude caused extensive noise (Fig. 3, H-J) . Pilot experiments indicated that the applied voltage did not lead to aversive behavioral responses. Mice presented in their home cages with the choice of obtaining water from a spout with applied voltage or another without the applied voltage responded to the two equally.
The voltage data were monitored and recorded with a custom program. Twelve independent sensor lines were used to monitor the 48 pegs on the wheel, so that each sensor line was assigned to 4 pegs (Fig. 3C) . No 2 pegs connected to the same line could ever be touched by a mouse at the same time. Because the positions of the pegs were monitored with the infrared sensors, and touches were counted only when mice were close to the spout, the pegs being touched could be identified unambiguously. For analysis of the locomotor patterns, an amplitude threshold was set to detect the paw touches (red line in Fig. 3G) . A voltage drop across the threshold was counted as a paw touch. The 1st peg touch in each trial was extracted and used for analysis (Fig. 4 , D-F) with custom software developed in MATLAB. Complex peg patterns were generated by choosing holes to insert pegs using a pseudorandom function that deleted peg patterns that were impossible for the mice to run (spatial gaps larger than the reach of the running mouse). Touch analysis. We constructed touch histograms by monitoring the suprathreshold voltage deviations for each peg on both sides of the wheel (red horizontal line in Fig. 3G ) and aligning them to the time each given peg reached the level of the photobeam a. Figure 4 , A-C, illustrates typical histograms for all right touches made by mice that ran for 60 trials in, respectively, peg patterns A, B, and C2.
In most instances, the sensor detected two or three closely spaced touches (Fig. 4, A-C) , presumably because the mouse ran with its hindpaw touching a peg only slightly after its forepaw touched that peg. Figure 2A , right, illustrates an instance in which the mouse grabbed a peg with its forepaw first and then grabbed the same peg with its hindpaw. From our analysis, we judge that the second peaks in such histograms probably were touches by hindpaws. Occasionally, third peaks were recorded. These might have reflected increased pressure on the pegs made by the hindlimbs just before they released the pegs, so that the area of paw touches increased, reducing the voltage amplitude.
Although the sensor thus could detect touches by both forelimb and hindlimb, we were unable to distinguish touches made by forelimb or hindlimb routinely in this system. We noted that with some peg patterns, although the hindpaw touched the peg after the forepaw, it would touch a peg while the forepaw was still on the peg. In such cases, it was impossible to detect the timing of the hindpaw touch. For these reasons, we focused on the first touch in each trial, accepting them as forepaw touches, by excluding the resting touches in the same trial. Figure 4 , D-F, illustrates a typical first-touch set of detected footfalls extracted from the histogram of all touches shown in Fig. 4 , A-C, respectively.
In peg patterns A and B, the timing of first touches to pegs was relatively constant for all pegs, whereas the timing of the touches varied among pegs in the more complex peg pattern, C2 (Fig. 4, D-F) . The standard deviations among mean touch times for individual pegs, relative to the peg detection times (i.e., the variability of touch times among pegs), were smaller for peg patterns A and B than those for complex peg patterns C2 and C3 (F 3,19 ϭ 27.49, P Ͻ 0.001; ANOVA and post hoc Tukey-Kramer test; Fig. 4G ). This result indicates that the timing of touches on individual pegs varied significantly among pegs in the complex peg patterns and that the touch timing was controlled by the positions of the pegs. Nevertheless, the average of the standard deviations of touch timing for each single peg (i.e., the variability of touch times within individual pegs) was not different across peg patterns (F 3,19 ϭ 0.35, P ϭ 0.78; ANOVA; Fig. 4H ), indicating that the timing of touches was controlled in the complex peg pattern performance as well as in performance with the simple peg patterns.
Next, the times of the touches were aligned by the turn marker to compare the pattern of touches in a trial with the peg pattern being run. The median of touch times for a given peg were calculated, and such medians for all 24 pegs were aligned by the turn marker, which was designated as the touch pattern. Figure 5 illustrates, as examples, peg patterns A, B, C2, and C3 and the corresponding touch patterns. Histograms of the touch times for the right (blue) and left (red) pegs are shown to the right and left sides of the touch patterns in green and purple, respectively. Some pegs were skipped in the complex peg pattern, C3, and such pegs are marked with an x in Fig. 5D . Because the Step-Wheel turns at a constant speed, the position of touches can be determined by the timing of touches. Thus the touch pattern can be considered as the median of paw positions at the time at which a given paw touched pegs. The peg patterns and the touch patterns were mostly identical in the simple peg patterns A and B. However, the touch patterns in complex peg patterns were not identical to their peg patterns, indicating that mice did not always follow the peg positions while they ran but instead moved their paws forward or backward to touch the pegs. The amount of the dissociation between the peg position and touch position was different from peg to peg. The mechanisms underlying how such touch positions were chosen by the mice is not clear, but this fact indicates that the positions of touches were controlled according to the peg patterns in the StepWheel. Therefore, the movement of paws of mice running in the Step-Wheel could be controlled both temporally and spatially by the peg pattern.
Electrophysiological recording of spike activity during wheel running. A critical requirement for the success of the
Step-Wheel System was the ability to record neural activity during the runs. We did this by connecting lightweight cables to the preamplifier fixed to the implant on the head of the mouse and passing these cables through the space between the right and left pegs at the top of the wheel.
To test whether we could reliably detect neuronal activity related to task performance, we chronically implanted multiple tetrodes into the primary motor cortex, where we expected to find neurons with stepping-related activity profiles. These recordings were done in the left hemisphere in all mice so that ipsilateral and contralateral activities could be easily illustrated. Figure 6 shows examples of neural activity recorded on one of the tetrodes as a mouse ran in the Step-Wheel. We compared the neural activity recorded with the voltage sensor off (Fig. 6, A, C , E, and G) and on (Fig. 6, B, D, F, and H) to determine whether the voltage sensor interfered with our ability to record the neural signals. Recorded spike activity was sorted into putative single units (clusters) according to spike parameters such as peak height and valley depth, with manual guidance. The shapes of clusters for these putative single units were virtually identical whether the sensor was on or off (Fig.  6, A and B) . The waveforms of the recordings with and without the voltage sensor active were essentially indistinguishable, demonstrating the feasibility of the in-run recordings with the paw-touch monitoring device in operation (Fig. 6, C-H, top) . The interspike intervals (ISIs) of the units showed clear absolute refractory periods (Fig. 6, C-H, bottom) , suggesting that contamination of spikes with noise was rare even with the voltage sensor on. This result demonstrates that potential noise produced by the voltage applied to the pegs (20 kHz) could be removed with the high-cutoff filter used for capturing the neural activity (6 kHz).
Given the sampling times that we used, touch and spike data could be obtained in the Step-Wheel System with submillisecond accuracy for the spikes and with Ͻ5-ms accuracy for the touches, allowing the analysis of the relationship between touches and spikes. Figure 7 gives an example of the spike histogram (Fig. 7F ) and touch timing to right and left pegs (Fig. 7, G and H) obtained from a mouse running on the complex peg pattern C4 (Fig. 7, A and E) . The spike activity was recorded from a tetrode located in the primary motor cortex of the left hemisphere (Fig. 7B) . Figure 7 , C and D, shows spike waveforms and ISI histogram for this putative single unit, which was one of two units identified in the activity recorded from the tetrode.
We aligned right and left paw touches to occurrences of spikes and found a prominent peak for the right paw touches ϳ50 ms before spikes, indicating that this unit had a high probability to fire just after the right paw touches (Fig. 7I ). These results demonstrate the feasibility of combining neural recording with precise monitoring of the timing of footfalls and detecting precise timing relationships between behavioral performance and neural activity.
DISCUSSION
There is a pressing need to obtain accurate information about motor timing in relation to neural activity in rodents, the mammals most widely used for genetic studies. To meet this need, we have developed a novel running wheel, the StepWheel System, which permits the simultaneous recording of locomotor patterns and neural activity in mice running on configurable patterned arrays of footholds in a running wheel. We demonstrate the properties of the wheel, the sensitivity of footfall monitoring, and the feasibility of using a voltage sensor device to record the footfalls. We outline potential uses of the Step-Wheel System for analyzing motor control patterns in the mouse. These include measurements of limb coordination during locomotion and running, locomotor adaptation to different running speeds imposed by wheel rotation, and locomotor adaptation to different patterns imposed by the pegs that provide the footholds in the wheel. Together, these features of the Step-Wheel suggest that it can be a powerful tool to analyze mouse behavior, including the behavior of mice genetically engineered for studying neurological disorders.
We point out that the system, in this first iteration, does not have a video-monitoring capability built in. This weakness can be readily overcome in future iterations of the Step-Wheel. Another potential issue is that the task requires mice to be on a water-deprivation schedule. This protocol is necessary to make mice run at a constant location in the wheel so that the running speed and timing of each footfall can be controlled. We monitored the mice carefully throughout training and did not find any indication of adverse effects on health condition or behavior of these mice. We note that we tested using sugar water as an alternative way to motivate drinking in mice without water-deprivation, but this method failed to induce running behavior consistently.
Horizontal tracks with ladder-like arrays have also been used to study the acquisition of locomotor tasks in rodents (Seeds et al. 1995 (Seeds et al. , 2003 Van Der Giessen et al. 2008; Watson and McElligott 1983) . Other systems are also available to analyze stepping patterns and general motor coordination of the mouse (Barlow et al. 1996; Carter et al. 1999; Chapillon et al. 1998; Crawley and Paylor 1997; Jones and Roberts 1968; Masocha and Pavarthy 2009; Sango et al. 1995 Sango et al. , 1996 . The design of the Step-Wheel that we introduce here has the advantage of accuracy of monitoring footfalls in combination with the capability of allowing ready variation of the imposed running speeds and peg-imposed sequences of footfall patterns required for successful performance of the Step-Wheel task.
A further advantage of the Step-Wheel System is proved by the water-spout arrangement. Although this feature does mean that the mice need to be water-deprived, it not only provides a motivating feature favoring extended performance by the mice, but also motivates the mice to adjust their steps with timing appropriate to contact the spout as they run. We note that the
Step-Wheel System could be scaled up for use with larger animals, such as rats, also increasingly being used in genetic and circuit-manipulation studies. These characteristics allow the Step-Wheel System to have broad applicability as a novel way to study action timing in continuous sequential behaviors and open up the opportunity to investigate neural mechanisms underlying timing and rhythm in motor control and motor learning.
Theories of how motor timing is achieved have been put forth, and much evidence suggests that multiple brain regions are implicated (Buhusi and Meck 2005; Coull et al. 2011; Gibbon et al. 1997; Ivry 1996; Mauk and Buonomano 2004; Meck et al. 2008 ). The ability to make detailed multielectrode recordings in different sites during running in the Step-Wheel System, with the possibility of relating the recorded spike and local field potential oscillatory activity, should allow new contributions to the field. Furthermore, the ability to track the neural behavior accompanying acquisition of new gait patterns related to experimenter-chosen peg patterns in the Step-Wheel should open the possibility to study the acquisition of new neural timing patterns in relation to behavioral learning. Such combined behavioral and electrophysiological recordings should yield valuable information about motor control and motor learning in normal rodents and in rodent models of clinical disorders and should provide a new means for studying how the brain controls timing and rhythmicity in the motor system. 
